Background: Colonic cancer is the most common cancer of the gastrointestinal tract. The aim of this study was to determine mortality rates following colonic cancer resection and the effect of hospital caseload on in-hospital mortality in Germany.
Introduction
Colorectal cancer is the most common malignancy of the gastrointestinal tract, affecting more than one million patients per year worldwide and accounting for more than 500 000 deaths 1 . Over the past two decades the introduction of membrane anatomy surgery with respect to embryological planes has led to improved long-term survival rates but also increased perioperative morbidity and mortality 2 -7 . Although large multicentre studies have demonstrated low complication rates and a low 30-day mortality rate after colorectal cancer resection 8 , these results could be biased by hospital volume. In addition, population-based analyses suggest mortality rates of up to 6 per cent 9 -11 , leading to an increased interest in quality assurance indicators in medicine and surgery.
A Cochrane review 12 including nearly one million patients suggested that surgeon experience and hospital volume have a significant impact on short-and long-term survival after colonic cancer surgery. Even though the German Cancer Society currently certifies centres with a minimum caseload of 50 colorectal cancer resections per year (30 colonic and 20 rectal), no official guidelines have been issued regarding the minimum number of patients with colonic cancer that should be treated annually per hospital, and around 50 per cent of the patients are still treated in non-board-certified hospitals.
The primary aim of this study was to analyse in-house mortality following colonic cancer surgery in Germany according to hospital volume.
Inclusion criteria were a DRG code for colonic cancer (C18 as main diagnosis) and a colonic resection performed in a German hospital.
Procedure codes for colonic resection ranged from colectomy to resection of a colonic segment, with the exclusion of appendicectomy. Procedures were considered hierarchically, whereas more extensive resections were defined as the principal intervention to avoid double-counting. DRG data were accessed by controlled remote data analysis via the Research Data Centre of the Federal Statistical Office, in accordance with German legal data protection regulations. Data included secondary diagnoses, sex, patient age and duration of hospital stay. For case identification and data analysis, the German adaptation of ICD-10 (ICD-10-GM) codes and German procedure codes (OPS codes) were used (versions 2012-2015; Table S1 , supporting information) 14 . Analysis was restricted to patients with complete data records. When there were duplicate data, one data set was chosen at random and included for further analysis.
Hospitals were ranked according to their caseload for colonic cancer resections (continuous variable) and patients were categorized into five subgroups on the basis of hospital volume.
Outcome measure
The main outcome of this study was in-hospital mortality, defined as death while an inpatient irrespective of the actual length of hospital stay (LOS).
Co-morbidities
To account for differences in the co-morbidity profile of patients between hospital volume quintiles, the co-morbidity score was determined for each patient as proposed by Stausberg and Hagn 15 , based on ICD-10 groups. Data on other potential confounders, such as sex, age or emergency procedures, were considered similarly and included in the analysis.
Statistical analysis
In a first step, raw data were screened for missing values and checked for plausibility. The continuous variable age was recoded as a categorical dummy variable with three age categories (54 years or less, 55-74 years and 75 years or more). The cut-offs were chosen based on pre-existing epidemiological data, thereby assuring similar group sizes for the second and third age groups and confining patients with a presumably higher incidence of genetic aberration leading to early-onset colonic cancer to one age group. Patient characteristics were analysed descriptively for each year and according to hospital volume quintiles. Temporal trends and trends across volume categories were accessed by means of a non-parametric test for trend, described elsewhere 16 .
Second, univariable odds ratios (ORs) between the main dependent variable (in-house mortality) and the main independent variable (hospital volume quintile) were determined using Pearson's χ 2 test or univariable logistic regression analysis, as appropriate. In addition, crude ORs between the secondary independent variables (listed below), the main independent variable and the outcome of interest were calculated to identify potential confounders. The possibility of important effect modification was assessed using the Mantel-Haenszel method, adjusting for each potential confounder. Correlation between each pair of variables was determined to detect multicollinearity. The effect of hospital volume on in-house mortality was evaluated by using a multivariable logistic regression model that included hospital volume as a random effect to account for clustering of patients in different institutions. The multivariable model was adjusted for known confounding effects such as sex, age, emergency procedures, co-morbidity, mechanical ventilation for 48 h or more, and blood transfusion of 6 units or more. The model was also fitted with the number of patients per hospital as a continuous variable and with hospital volume quintile as a linear variable. Likelihood ratio tests were used to assess the model's fit and to evaluate the presence of linear trends.
The accuracy of the random-effects estimators of the multivariable regression models was checked by refitting the models for different numbers of points and subsequent comparison of the values of the estimators. A maximum relative difference of 10 −4 or less between the different quadrature points was considered acceptable.
Where appropriate, 95 per cent confidence intervals and P values were calculated. P < 0⋅050 was considered significant. All calculations were conducted using Stata ® version 14.2 (StataCorp, College Station, Texas, USA).
Results
A total of 129 450 patients with a diagnosis of colonic cancer (ICD C18) who had colonic resection (relevant subgroups of OPS codes 545 and 5484) between 1 January 2012 and 31 December 2015 were identified from the nationwide DRG database of the German Federal Statistical Office. Missing data or duplicates occurred in 0⋅2 per cent (254 patients), leaving 129 196 patients for further analysis (Fig. 1) .
The mean annual number of cases/hospital was 30⋅1 ( Table 1) . Some 47⋅8 per cent of the patients were women and the mean age was 71⋅7 years. Emergency procedures accounted for 29⋅6 per cent of the cases. The most frequent surgical procedure was right-sided hemicolectomy, followed by left-sided resections.
Overall, the nationwide in-house mortality for colonic cancer surgery was 5⋅8 per cent. The mortality rate was higher in the elderly and in men. Extended colonic resection carried a 7⋅6 per cent risk of in-hospital death, whereas the mortality rate was less for right-and left-sided colectomies (5⋅6 and 5⋅0 per cent respectively) ( Table 1) . No significant differences were reported in the total number of patients or in mean age during the study period. However, mean LOS decreased over time: 20⋅4 days in 2012 versus 18⋅8 days in 2015 (P < 0⋅001, data not shown).
Hospital volumes and mortality
Hospitals were grouped into five case-load quintiles with approximately the same absolute number of patients (258 392 per quintile, with a maximum absolute difference of 0⋅3 per cent between volume groups). Some 506 of the 1072 hospitals were in the very low quintile, and 76 hospitals were in the very high-volume category ( Table 2 and Fig. 2a) .
A mean of 12⋅7 patients were treated annually in very low-volume hospitals, whereas very high-volume hospitals performed 85⋅0 colonic resections per year. The mean age of the patients varied according to hospital quintile: 73⋅0 years in the very low-volume versus 70⋅7 years in the very high-volume category (P < 0⋅001).
There was a significant inverse association between hospital volume and mortality during hospital stay. Crude in-house mortality rates ranged from 6⋅9 per cent (1775 of 25 657 patients) in hospitals in the lowest volume category to 4⋅8 per cent (1239 of 25 825) in the highest-volume centres (P < 0⋅001) ( Table 2) .
After stratification for cancer localization, low-volume hospitals had a significantly higher mortality rate than high-volume hospitals ( Table 2) . Table 3 Univariable analysis of in-house mortality
Crude odds ratio P
Case-load quintile
Values in parentheses are 95 per cent confidence intervals.
Mean LOS was similar (20⋅3 days in very low-volume hospitals versus 18⋅7 days in very high-volume hospitals; Table 4 Multivariable logistic regression model for in-house mortality by volume category including hospital as random effect
Adjusted odds ratio P
Age group (years)
Co-morbidity score 1⋅18 (1⋅17, 1⋅19) < 0⋅001
Emergency procedure
P < 0⋅001), whereas the percentage of emergency procedures was significantly lower in high-volume centres (P < 0⋅001). Univariable analysis documented that sex, age category, co-morbidity, emergency procedures, prolonged mechanical ventilation and blood transfusion of 6 units or more were significantly associated with in-house mortality. Mortality increased with fewer patients treated per hospital ( Table 3) .
In multivariable regression, accounting for patient clustering within institutions and for the effect of the confounding variables, a highly significant decreasing trend was found for in-house death following colonic cancer surgery across hospital volume categories. The OR for death was 25 per cent lower in the highest volume centres, 21 per cent in the fourth highest, and 12 per cent lower in the third highest volume category compared with the baseline rate in the lowest volume hospitals. In the multivariable model, the observed decrease in the OR for in-hospital death between the two lowest volume categories was not significant ( Table 4) . A model with volume category fitted as a linear predictor variable for in-hospital death performed equally well (OR 0⋅93, 95 per cent c.i. 0⋅90 to 0⋅95; P < 0⋅001). The number of patients was also determined as a continuous variable. This regression model displayed a highly significant linear trend between the number of patients treated and the risk of inpatient death following colonic cancer surgery (OR per individual patient: 0⋅999, 0⋅9987 to 0⋅9994; P < 0⋅001).
Discussion
In this nationwide population-based study, overall in-house mortality following colonic surgery showed a significant correlation with hospital volume. This correlation was documented overall, as well as for different surgical approaches or emergency surgery. In an adjusted model, in-house mortality was 25 per cent higher in very low-volume hospitals compared with very high-volume hospitals.
A major strength of this study is the completeness of the data, as every inpatient treated surgically for colonic cancer in Germany was included. The present findings correlate well with the results of a previous analysis 17 from the Berlin Cancer Registry that focused on colonic cancer.
Although hospitals are monitored closely by the German statutory assurances' medical services, overreporting or underreporting cannot be excluded completely. In addition, co-morbidities were included in the regression model using a score validated for German DRG data. This validated score outperforms other commonly used scores 15 . Unfortunately, it was not possible to distinguish between a de novo co-morbid condition, which appeared during the hospital stay, or pre-existing co-morbidities.
Finally, no data on 30-or 90-day mortality rates after colonic cancer resection could be provided, and the federal DRG data did not contain information about tumour stage or metastasis.
The results of in-house or 30-day mortality are in line with those from previous population-based studies in this field 9 -11 . Previous research 12 has also documented that high-volume hospitals, surgeons with a specialization in colorectal surgery, and surgeon caseload are associated with better short-and long-term outcomes.
Currently the German Cancer Society certifies oncological care centres and, for colonic cancer, centres have to fulfil several criteria, amongst which is an annual caseload of more than 30 patients with colonic cancer. In 2015, 273 centres were board-certified and performed a total of 15 627 colonic cancer resections. This accounts for approximately 50 per cent of all colonic and rectal cancer resections in Germany. The remaining patients were treated in uncertified centres. The reported 18 overall 30-day mortality rate following colorectal surgery in board-certified centres was 2⋅4 per cent. However, these results cannot be compared directly with those found in the present study as emergency cases were included here.
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